Forest fragmentation affects biological communities by reducing habitat and increasing edges, thus reducing the effective size of the habitable zones. The subtropical atlantic Araucaria forest, typical on the southern Brazil, in some regions has been reduced to less than 1% of its original size lasting only in small isolated fragments. This study aimed to analyse the impact the edge has on vascular epiphyte ensemble in a remnant of Araucaria forest. We surveyed 40 host trees in four transects: one at the edge; and three at 15, 30 and 60 m from the edge. On each host tree we estimated the epiphyte biomass, using four size classes. We compared the transects using Jackknife estimator of absolute species number, diversity indices, non-metric multi-dimensional scaling and multi-response permutation procedure analysis. We recorded 85 epiphytes species. Absolute species richness and diversity were lower at the edge and higher at 60 m in from the edge. Shannon's evenness did not differ significantly among transects and Simpson's evenness values were inconsistent. The vascular epiphyte community under study was significantly altered by the edge.
Introduction
The Araucaria forest is a subtropical Atlantic Forest, found in southern Brazilian highlands, mainly at Paraná state, which originally contained the largest extension of this formation (Hueck 1972) . This forest begins near the coast shore, on the west slope of the Serra do Mar mountain range, and extends almost through the state (Maack 1968) . Less than 1% of the original Araucaria at Paraná is well-preserved and the large majority of the remnants are small and isolated, indicating the severity of the situation concerning this type ecosystem (Castela & Britez 2004) .
The term "disturbance", widely used to describe changes in the natural environment, can have a number of different meanings including any condition that causes death or a loss of biodiversity. It can also be defined as the result of events that kill, displace or damage individuals. Disturbances are regularly categorised as being anthropogenic; a term widely used as a synonym for changes caused by human activity (Dornelas et al. 2011) . However, disturbances also occur naturally within preserved ecosystems.
Disturbances are important phenomena and play a fundamental role in patterns of diversity and ecosystem processes (Dornelas et al. 2011) , moderate periodic disturbance can facilitated competitive coexistence and increase diversity (Holt 2008) and promote coexistence of species adapted to different conditions (Connel 1978) . Given the importance of diversity in relation to ecosystems, particularly to their resilience (Folke et al. 2004) , obtaining accurate measurements of the effect of disturbances on diversity is essential for the management and conservation of natural resources.
Human-perceived landscape patterns that are frequently correlated with species assemblages include the amount and structure of native vegetation, the prevalence of anthropogenic edges, the degree of landscape connectivity, and the structure and heterogeneity of modified areas (Fischer & Lindenmayer 2007) . Habitat fragmentation has an effect on communities and species, by reducting the total area of the habitat and increases the edge effect (Metzger 1999) . Fragmentation creates edges: areas of contact between agricultural or pasture and the forest fragment that are discernable at three distinct levels of intensity: the physical structure of the vegetation, floristic composition and population dynamics (Zau 1998) . Murcia (1995) categorised those as abiotic effects, direct biological effects and indirect biological effects, the last two related to changes in the species interactions such as the predation or dispersal of seeds.
There is currently no precise distance for quantifying the magnitude of edge effect (Laurance & Yensen 1991) , which can vary from just a few metres (Ranney et al. 1981) to several kilometres (Zau 1998) . Fragment forests typically receive light laterally, the level of radiation received in the interior of the fragment being lower than that received at the edge, the difference having been reported to level out at approximately 20 m from the edge. Light intensity is probably the factor that becomes most quickly stabilised along the fragment edge. Edges are also drier than are the interiors. The width of the stretch in which humidity is lower is generally greater than is that of the stretch in which the light intensity is lower. Both stretches form a gradient within the forest interior. At the edge, the light intensity is high and the humidity is low; from the edge toward the interior, there is then a zone in which the light intensity is lower but the humidity remains, beyond which there is then a zone in which the light intensity remains low but the humidity increases (Rodrigues 1998) .
The edge can affect organisms in a forest fragment by causing changes to the biotic and abiotic conditions. If exposure to the edge causes changes to the characteristics of the forest beyond the natural tolerance limits of the organism, the modified region will no longer be suitable for the original ecosystem and the proportion of the fragment in which the conditions are conducive to preservation will effectively be reduced (Murcia 1995) .
Vascular epiphytes can be used as indicators of the conservation status of an ecosystem as they depend on the substrate, humidity and the shade provided by the tree species (Triana-Moreno et al. 2003) and to what extent their abundance and diversity are influenced by changes in ecological conditions along altitudinal, latitudinal and continental gradients. Forest disturbances have distinct negative effects on flora, forcing a shift from mesic to drought tolerant species, thereby reducing biodiversity and epiphytic biomass. However, vascular epiphytes show signs of resistance when timber extraction activity spares largescale individuals (Wolf 2005) . Because this flora contributes to the diversification of niches and microhabitats, increases the available amount of physical space and nutrients, and provides reproductive refugia for many types of animals (Benzing 1986 ), the resulting impact on the ecosystem is greater than a mere change in its structural patterns.
Although some studies on vascular epiphytes have already been conducted on the Araucaria forest this ecosystem has not been extensively studied on its structural or ecological aspects and most published paper are floristic surveys like Dittrich et al. (1999) and Hefler & Faustioni (2004) in Municipal Parks, Borgo & Silva (2003) in forest fragments in Curitiba; Kersten and Kuniyoshi (2006) in Iguaçu river basin; Kersten & Rios (2006) in the ecotone between Araucaria forest and deciduous forest in Argentina; and by Kersten & Waechter (2011b) and Bianchi et al. (2012) , both in an ecotone between Araucaria forest and Atlantic Forest. The only studies that have considered ecological relationships were conducted by Kersten & Silva (2002) , who described the population structure of a floodplain forest, and by Kersten et al. (2009) , who studied the various successional forests seres on the the Iguaçu River floodplain. Only two surveys considered edge influence on vascular epiphytes (Bataghin et al. 2008; Bernardi & Budke 2010) , both conducted in the extreme south Brazil.
Based on the hypothesis that the epiphyte community is negatively influenced by the fragmentation of habitats, the purpose of this work was to analyse changes in the diversity and abundance of epiphytes across an edge-interior gradient in a fragment of Araucaria forest in an advanced phase of regeneration in the state of Paraná.
Material and methods
The study area (25°39'S; 49°16'W) is an advanced Araucaria forest remnant, at an elevation of approximately 920 m. According to the Köppen classification, the climate is Cfb (humid subtropical mesothermal), with annual average temperature of 16.5°C, ranging from 12.2°C in the coldest month (June) and 19.9°C in the hottest (February). The annual rainfall is 1410.1 mm, with only 74 mm on August, the dryer month (IAPAR 1994) .
Forty individual host trees were selected, ten in each of four separate transects, beginning at an edge area created by a 30 m road. The transects were delineated as edge: comprising host trees with crowns and trunks exposed at the edge; 10 m: comprising host trees whose trunk bases were located 10-15 m from the edge; 30 m: comprising host trees whose trunk bases were located 30-35 m from the edge; and 60 m: comprising host trees whose trunk bases were located > 60 m from the edge. We randomly selected ten host trees in each transects and conducted a detailed survey of each host tree, divided into five ecological zones (Kersten & Waechter 2011a) : lower trunk, mid trunk, upper trunk, lower crown and upper crown. For each zone, the biomass of the epiphytic species was evaluated in four size classes-very small, small, medium and large-which were subsequently converted to a score (1, 5, 15 and 35, respectively) . We evaluated the epiphytes by climbing the host trees, with the aid of a (7-m) ladder and/or climbing tecnics, as well as by binocular observation, from various points on the tree, from the ground and from neighbouring trees.
Three aspects are of primary interest on a diversity study (Buckland et al. 2005) : number of species, overall abundance, and species evenness. We evaluated various parameters in an attempt to fully cover those three factors. The four transects species richness were compared, using the Jackknife first order estimator. This parameter assumes that not all species in the area are properly recorded and is based on the number of single-occurrence (singleton), a process chosen for its stability with low sample size (Magurran & McGill 2011) . This estimator, including its standard error, was calculated with EstimateS, version 8.0.
Using species frequency within the vertical zones, we calculated four diversity indices, including Margalef 's index 
2 ), based on richness and evenness in equal proportions (Maurer & McGill 2011) . In those formulas, S is the observed richness; n 1 is number of individuals of species i; and N is the total number of individuals. The frequency of on vertical zones and not on individual trees, as usual (Kersten & Waechter 2011a) was used because it is a better approximation for the number of individuals,. We compared the indices two-by-two using the bootstrap, with 1000 replications. Simpson's dominance (D), rather than Simpson's diversity index (1/D), was used for comparisons. Diversity calculations were made using the PAleontological STatistics (PAST) program, version 2.12, except for Simpson's evenness, which was calculated manually and therefore not compared through statistical methods. In addition, for a visual comparison between the transects, we created a species abundance distribution diagram based on the absolute frequencies (Whittaker Diagram).
Abundance was calculated using the sum of the biomass. The difference between the total abundances in transects was tested using the chi-square. Considering epiphyte abundance on the host trees we performed an ordination analysis using non-metric multidimensional scaling (NMDS) with Bray-Curtis distance as a measure of similarity and correcting the value by log(n+1) in order to increase the homogeneity of variance. We used the multi-response permutation procedure (MRPP), also based on the Bray-Curtis distance, as an a posteriori test for all transects and for making the paired (two-by-two) comparisons. The MRPP reports a test statistic (T) describing the separation between groups and a measure of effect size (A) describing within-group agreement. Species with single occurrences (singleton species) were excluded in both cases. The calculations were made using the PC-ORD program, version 6.0.
Results
We registered 85 epiphytic species, 26 of which were observed in all four transects. Three species were exclusive to the edge, five were exclusive to the 10-m transect, eight were exclusive to the 30-m transect, and 17 were exclusive to the 60-m. The observed and estimated richness, Margalef 's index, total abundance and average abundance were lowest at the edge, highest in the 60-m transect, and intermediate in the 10-m and 30-m transects (Tab. 1). Shannon's evenness did not differ among the transects and Simpson's index did not differ between 10-m and 30-m.
The abundance distribution diagram shows that the communities were quite similar in terms of the frequency of species (Fig. 1) , indicating high levels of evenness and diversity. The greater length and shallower slope of the curve for the internal transect indicate the higher richness and greater diversity observed in the centre of the fragment.
In addition to the ecological descriptors the community structure was also significantly affected by the disturbance, a result which can be observed not only by species abundance (Fig. 2) but also by the multidimensional scaling (Fig. 3) . The species with the greatest abundance were Vriesea friburgensis, Microgramma squamulosa and Pleopeltis hirsutissima at the edge; Aechmea distichantha, Rhipsalis campos-portoana and Microgramma squamulosa in the 10-m transect; Philodendron loefgrenii, Pleopeltis hirsutissima and Vriesea friburgensis in the 30-m transect; and Philodendron loefgrenii, Vriesea friburgensis and Aechmea distichantha in the 60-m transect. The 26 species that were recorded in all four transects corresponded to 80% of the total abundance (approximate number of individuals) in the study area.
In the NMDS analysis (Fig. 3) , the stress at four dimensions was 0.13. One edge host tree was discarded as an outlier. There was a clear separation between the edge and the 60-m transect (axis 1), whereas the 10-m and 30-m transects formed less cohesive groups (separated from each other by axis 2),. Although the overall MRPP results showed differences among the groups (T=−7.96; A=0.0810; p<0.001), the two-by-two comparisons (Tab. 2) indicated that there were differences between all of the transects, in terms of the epiphyte communities, except for transects 30-m and 60-m. 
Discussion
Despite recent reviews stating that richness is not sensitive to sudden changes (Dornelas et al. 2011) , the three parameters (observed richness, estimated richness and Margalef 's index) varied progressively from the edge to the interior on the study area. Thus, we can clearly state that epiphytic species richness is significantly affected by habitat fragmentation, with a major loss of species in the edge. Species loss is one of the most evident factors in disturbed areas and has various effects on the communities. Cardinale et al. (2006) suggested that reductions in richness affect ecosystemic processes such as biomass production and efficacy of resource use. Other properties, such as invasiveness, temporal stability and resilience, have also been associated with richness (Hillebrand et al. 2008) .
In addition to richness, abundance also was affected by the disturbance. The edge, as an environment with higher light intensity, dryer air and moderately strong wind blowing through the branches, sustained approximately 4.6 times less biomass than the 60-m transect and 3.3 times less than did the 10-m and 30-m transects, a result that agrees with the findings of Williams-Linera (1990) , who reported that the most significant changes occur at 2.5-15 m in from the edge of the fragment.. Biomass is related to primary production, niches diversity and the carrying capacity of the ecosystems (Cardinale et al. 2006) . In the present study, two factors contributed to this: large species occurred less frequently at the edge; and the individuals at the edge tended to be smaller than those of the same species in inner transects what somehow agrees with other studies (Harper et al. 2005) that described greater growth and recruitment of some species but reduced growth or increased mortality of others.
Evenness is the parameter that reflects symmetry between species abundance, maximum evenness occur when all species have equal abundance. Although absolute abundance and richness might vary between transects, the proportion between each species remains similar (Shannon's evenness, Tab. 1) or does not vary on a consistent basis (Simpson's evenness). This result is radically different to that reported by Hilldebrand et al. (2008) , who stated that evenness responds more quickly to anthropogenic disturbances than richness, leading to an increased amount of dominance in disturbed areas. A similar result was recorded Bernardi & Budke (2010) in which diversity did not vary from the edge to the interior of the area studied. Apparently, this is related to the tropical ombrophilous climate in this study. A well-distributed rainfall throughout the year, with no water deficit, is, despite the edge still a good environment for epiphytes. Eventhough being more restrictive than the inner transects we found no evidence of any highly dominant species, as has been reported, for example, for tree on nearby floodplain forests (Curcio et al. 2007 ).
Simpson index, like any diversity index takes both richness and evenness into account and behaved exactly as expected: as a union of the richness (highly affected) and evenness (effected not conclusive). The influence of the edge was less perceptible and only difference indicated by this index was for the innermost transect (60 m), whereas all other were statistically equal and the lower contrast certainly influenced by the overall evenness. Therefore, when attempting to calculate a series of indices, it is important to understand, a priori, what calculations are actually required and what each index signifies, as has been previously reported (Maguran & McGill 2011 , Dornellas et al. 2011 . The components of the indices of diversity, richness and evenness are often orthogonal and can be treated as such (i.e., used separately).
Abundance was the parameter with higher variation among transects. The estimated biomass was 3 times greater at 10 and approximately 5 times greater at 60 than in the edge. Although biomass is a key factors in community ecology (Guo 2007 ) different guilds might not respond to similar patterns in the same ways Paciencia & Prado (2004) studying pteridophytes demonstrated that abundance was not altered by the edge although species number was, and Williams-Linera (1990) findings indicated that basal area was greater at the edge of the forest..
Despite that epiphyte biomass rarely accounting for more than 2% of the dry mass of a forest, its photosynthetic biomass, photosynthesis rate and ion capture rate can equal, or even surpass, that of the trees (Nadkarni 1984; Coxson & Nadkarni 1995 , Benzing 1990 , Hofstede et al. 1993 . In certain forests, epiphytes comprise up to 63% of the photosynthetic biomass (Walker & Ataroff 2002) and 45% of the mineral content (Nadkarni, 1984) . Additionally, epiphytes can intercept and accumulate substantial quantities of dead organic material, a rich source of nutrients for fauna and vegetation existing above the ground, influence water dynamics and the microclimate (Pócs 1980 , Hofstede et al. 1993 Bohlman et al. 1995 , Freiberg & Freiberg 2000 . Epiphytes play an important role in the primary productivity and nutrient cycling within ecosystems, contributing significant quantities of biomass. By absorbing nutrients from rain, mist or suspended particulate matter (Nadkarni 1984) , epiphytes are capable of rapidly reintegrating energy and ions into an ecosystem (Matelson et al. 1993) . Thus, they are not only influenced by the environmental changes caused by the edge effect but also play an important and decisive role in effecting those changes.
Differences cause by disturbances on communities can be measured in various different ways. Metrics based on diversity, although providing important information about community despise species identity. Distinct species however present distinct susceptibility, So describing the community with multivariate analysis, using abundances as variables, make the detection of different effects possible, which univariate analysis in unable to do.
In the NMDS analysis, neither axis 1 or axis 2 are correctly represented by richness, diversity or abundance, although axis 1 is closely associated to the latter. In the MRPP, the overall within-group agreement (WGA = A) was low, suggesting that WGA was only slightly lower than between the groups. In ecology studies, it is common to see A < 0.1, whereas values of A > 0.3 are considered quite high (McCune & Mefford 2006) .
Together, the results of the NMDS analysis and the MRPP indicates a gradual change in the epiphyte community composition from edge to inward. Clear separation between transects at extremes, with less contrast between those in the intermediate zone, is an expected result due to gradients of light intensity, humidity and other environmental factors (Rodrigues 1998) ,. Therefore, the increase in the quantity of edges caused by fragmentation is not only reducing the richness and diversity of epiphytes but also quite probably destroying populations of species that are not adapted to these environments. Another potentially ongoing factor is represented by the "extinction debt" (Wearn et al. 2012) : changes that are sometimes not perceived within the community until many years after the disturbance. There is no way of knowing whether the epiphyte community will continuously react to such changes and to suffer from the edge influence or whether the community is already is stabilised and adapted to the new conditions .
One should note that the studied fragment was created by road and distance to the next forest fragment is no more than 30 m, resulting in shaded edge during the evening. Matlack (1994) found that the edge effects on vegetation were much greater for edges facing north (which receive more light). It is therefore reasonable to assume that if our study had been conducted in one of the edge areas that face existing regional crop areas, the effect could have been more pronounced and observed at shorter distances.
According to Matlack (1994) , the effective depth of the "edge" is a critical factor for the existence of habitat in the interior of forest fragments. Within the studied area, the edge effect on epiphytes was clearly perceived and extended inward for at least 60 m. Due to no data stabilisation we were unable to determine the physical extent of the effect.. The epiphyte community varied gradually and the difference between the edge and the most interior transect was significant, as were the differences between the two in terms of richness, diversity and biomass, all of which at the edge. The edge influence on vegetation is not homogeneous and each sinusia can respond in different manners.
